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LQWKHGLUHFWLRQRIPHDQVWUHVV7KLVLQHODVWLFVWUDLQNQRZQDVUDWFKHWLQJVWUDLQ LVDFFXPXODWHGLQVSHFLPHQVRULQ
FRPSRQHQWV RYHU D SHULRG RI F\FOHV$FFXPXODWLRQ RI UDWFKHWLQJ VWUDLQ XVXDOO\ GHJUDGHV IDWLJXH OLIH RI VWUXFWXUDO
FRPSRQHQWV 3RODN  ;LD HW DO  7KH H[WHQW RI VXFK GHJUDGDWLRQ GHSHQGV XSRQ WKH LPSRVHG VWUHVV
SDUDPHWHUV DQG WKH QDWXUHRI WKHPDWHULDO7KH HIIHFW RIPHDQ VWUHVV RQ VWUHVVFRQWURO IDWLJXHEHKDYLRXU KDVEHHQ
WDNHQ LQWRDFFRXQW LQWRYDULRXV IRUPXODWLRQVHJ*RRGPDQ *RRGPDQ PRGLILHG*RRGPDQ 0RUURZ
DQG 6PLWK:DWVRQ7RSSHU 6PLWK HW DO  UHODWLRQVKLSV HWF +RZHYHU WLOO WRGD\ QR ZLGHO\ DFFHSWDEOH
IRUPXODWLRQ KDV EHHQ GHYHORSHG IRU OLIH SUHGLFWLRQ RU IRU DVVHVVLQJ WKH H[WHQW RI GDPDJH WKDW RFFXUV GXULQJ
DV\PPHWULFF\FOLF ORDGLQJ LQ WKHHODVWLFSODVWLFGRPDLQ ,W VKRXOGEHQRWHGKHUH WKDW WKHGDPDJHRFFXUULQJGXH WR
UDWFKHWLQJLVDFRPSOH[SKHQRPHQRQEHFDXVHRI VLPXOWDQHRXVO\RSHUDWLQJWZRGDPDJHPHFKDQLVPVRQHGXHWRORZ
F\FOHIDWLJXHDQGWKHRWKHUWKDWGXHWRSHUPDQHQWGHIRUPDWLRQ+HQFHIRUVWUXFWXUDOLQWHJULW\SXUSRVHLWVWLOOUHPDLQVD
FKDOOHQJLQJLVVXHKRZWRDVVHVVWKHH[WHQWRIGDPDJHRIWKHFRPSRQHQWVXQGHUJRLQJDV\PPHWULFF\FOLFORDGLQJ LQ
WKHHODVWLFSODVWLFGRPDLQ
,QWHUVWLWLDO)UHH,)VWHHOVILQGH[WHQVLYHDSSOLFDWLRQVLQDXWRPRWLYHLQGXVWULHVIRUWKHLUYHU\JRRGFROGIRUPLQJ
FKDUDFWHULVWLFV&RPSRQHQWVPDGHRIWKLVYDULHW\RIVWHHODUHRIWHQVXEMHFWHGWRF\FOLFORDGLQJGXULQJVHUYLFH+HQFH
DQ XQGHUVWDQGLQJ RI WKH F\FOLF GHIRUPDWLRQ EHKDYLRXU RI VXFK DQ LQGXVWULDOO\ LPSRUWDQW FODVV RI PDWHULDO VHHPV
UHOHYDQW 'XULQJ WKH ODVW WHQ \HDUV LQWHUHVWV DPRQJ UHVHDUFKHUV VWHHO SURGXFHUV DQG FDU PDQXIDFWXUHUV LQ
XQGHUVWDQGLQJ IDWLJXH SHUIRUPDQFH DQG IDWLJXH GHIRUPDWLRQ PHFKDQLVPV RI ,) VWHHOV KDYH EHHQ VORZO\ JURZLQJ
'DQLpORX HW DO  ,VODP DQG 7RPRWD  ,VODP DQG 7RPRWD  -DPHV  0DMXPGDU HW DO 
0DMXPGDUHW DO0LODQHW DO1DUDVDLDKHW DO6KLKHW DO%XW WKH UHVSRQVHRI WKLV
YDULHW\ RI VWHHO XQGHU DV\PPHWULF F\FOLF ORDGLQJ FRQGLWLRQ LQ WKH HODVWLFSODVWLF GRPDLQ KDV UHFHLYHG YHU\ OLWWOH
DWWHQWLRQ7RWKHDXWKRUV¶EHVWNQRZOHGJHLWLVRQO\LQWKUHHYHU\ UHFHQWSXEOLFDWLRQV 'HHWDO'XWWDDQG5D\
3DXO WKHUDWFKHWLQJEHKDYLRURILQWHUVWLWLDOIUHHVWHHOVKDVEHHQGLVFXVVHG
3DXO 3DXO  VWXGLHG WKH SODQDU DQLVRWURS\ HIIHFW RQ WKH UDWFKHWLQJ EHKDYLRU LQWHUVWLWLDO IUHH KLJKVWUHQJWK
,)+6VWHHOVKHHW,QWKLVZRUNLWKDVEHHQVKRZQWKDW,)+6VWHHOVKHHWKDVLQIHULRUUDWFKHWLQJOLIHLQR WRUROOLQJ
GLUHFWLRQDQGVXSHULRUUDWFKHWLQJOLIHLQWKHUROOLQJGLUHFWLRQ'HHWDO 'HHWDO YDULHGWKHVWUHVVUDWLR5DW
FRQVWDQWPD[LPXPVWUHVVDQGREVHUYHGWKDWWKHDYHUDJHUDWFKHWLQJVWUDLQUDWHH[SRQHQWLDOO\GHFUHDVHVZLWKLQFUHDVH
RIVWUHVV UDWLR LQFDVHRI7L,)VWHHO'HHWDODOVRFRQFOXGHG WKDWKLJKHU WKHVWUHVV UDWLR 5DWFRQVWDQW PD[LPXP
VWUHVVıPD[PRUHLVWKHDVVRFLDWHGFXPXODWLYHGDPDJHIRUIL[HGDPRXQWRIUDWFKHWLQJVWUDLQDFFXPXODWLRQDQGORZHU
LVWKHSRVWUDWFKHWLQJWHQVLOHGXFWLOLW\5HFHQWO\'XWWDDQG5D\ 'XWWD DQG 5D\ LQYHVWLJDWHGWKHSRVWUDWFKHWLQJ
WHQVLOH SURSHUWLHV RI ,) VWHHO DIWHU  F\FOHV RI ORDGLQJ XQGHU YDULRXV FRPELQDWLRQV RI PHDQ VWUHVV DQG VWUHVV
DPSOLWXGH 7KHVH LQYHVWLJDWRUV REVHUYHG WKDW SRVWUDWFKHWLQJ WHQVLOH VWUHQJWK DOPRVW UHPDLQV FRQVWDQW DIWHU 
F\FOHV RI DV\PPHWULF F\FOLF ORDGLQJ XQGHU GLIIHUHQW VWUHVV FRPELQDWLRQV 'XWWD DQG 5D\ DOVR ORRNHG LQWR WKH
GLVORFDWLRQVXEVWUXFWXUHIRUPDWLRQGXULQJUDWFKHWLQJRI,)VWHHODQGIRXQGWKDWSHUVLVWHQWVOLSEDQGVDQGSODQDUVOLSV
ZHUH SUHGRPLQDQW LQ VSHFLPHQV VXEMHFWHG WR UDWFKHWLQJ DW ORZ VWUHVV DPSOLWXGHZKHUHDV IRUPDWLRQ RI GLVORFDWLRQ
FHOOVZDVIDYRXUHGDWKLJKVWUHVVDPSOLWXGH
7KHREMHFWLYHRIWKHSUHVHQWLQYHVWLJDWLRQLVWRPDNHDQDVVHVVPHQWDERXWWKHHIIHFWRIGLIIHUHQWDPRXQWVRISULRU
UDWFKHWLQJ GHIRUPDWLRQ XQGHU IL[HG VWUHVV FRPELQDWLRQ PHDQ DQG DPSOLWXGH RQ WHQVLOH SURSHUWLHV RI 7L,) VWHHO
6SHFLILFDOO\ WKH DLP RI WKH LQYHVWLJDWLRQ LV WR VHH ZKHWKHU SRVWUDWFKHWLQJ WHQVLOH WHVWV FDQ WKURZ DQ\ OLJKW LQ
XQGHUVWDQGLQJWKHH[WHQWRIGDPDJHRFFXUULQJLQ7L,)VWHHOZLWKSURJUHVVLYHDFFXPXODWLRQRIUDWFKHWLQJGHIRUPDWLRQ
XQGHU FRQVWDQW VWUHVV SDUDPHWHUV ,Q WKLV ZRUN UHVLGXDO SRVWUDWFKHWLQJ WHQVLOH GXFWLOLW\ KDV EHHQ FRQVLGHUHG WR
DVVHVV WKHGDPDJHRFFXUULQJ LQ WKHPDWHULDO GXH WR UDWFKHWLQJ ,WZRXOGEH LQWHUHVWLQJ WR VHHZKHWKHU WKH UHVLGXDO
WHQVLOHGXFWLOLW\IROORZDQ\UHODWLRQVKLSZLWKWKHDPRXQWRISULRUUDWFKHWLQJGHIRUPDWLRQ,ILWLVVRWKHQVLPSOHSRVW
UDWFKHWLQJWHQVLOHWHVWFDQEHXVHGWRNQRZWKHH[WHQWRIUDWFKHWLQJGDPDJHDQGSRVWUDWFKHWLQJWHQVLOHGXFWLOLW\FDQ
SRVVLEO\EHXVHGDVDUDWFKHWLQJGDPDJHYDULDEOH
 ([SHULPHQWDO
7KHSUHVHQW LQYHVWLJDWLRQKDVEHHQGRQHZLWKFROGUROOHGDQGEDWFKDQQHDOHGPPWKLFN7LWDQLXPVWDELOLVHG
LQWHUVWLWLDO IUHH 7L,) UHFHLYHG IURP 7$7$ 6WHHO OWG -DPVKHGSXU ,QGLD 7KH FKHPLVWU\ RI WKH VWHHO LQ ZHLJKW
SHUFHQWLV&0Q6L63$O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6SHFLPHQV IRU WHQVLOH DQG UDWFKHWLQJ WHVWV ZLWK UHFWDQJXODU FURVVVHFWLRQZHUH IDEULFDWHG IURP WKH DVUHFHLYHG
VWHHO VKHHWV NHHSLQJ WKH ORQJ D[HVRI WKH VSHFLPHQVSDUDOOHO WR UROOLQJGLUHFWLRQRI WKH VWHHO VKHHWV6WUDLQFRQWURO
WHQVLOHWHVWXQWLOFRPSOHWHIDLOXUHKDVEHHQGRQHDWDQRPLQDOVWUDLQUDWHRI VHF XVLQJDQH[WHQVRPHWHURIPP
JDXJH OHQJWK WKH IXOO UDQJH FDSDFLW\ RI WKH H[WHQVRPHWHU EHLQJ  WR  SHUFHQW 7HVW KDV EHHQ GRQH LQ D
FRPSXWHUFRQWUROOHGFORVHORRSVHUYRHOHFWULFXQLYHUVDOWHVWLQJPDFKLQH,QVWURQ,QVWURQ+LJK:\FRPEH8.
RI  N1 ORDG FDSDFLW\ DW URRP WHPSHUDWXUH a. DQG QRUPDO ODERUDWRU\ DWPRVSKHUH 7KH WHQVLOH WHVW
SURJUDPPHZDV FRQWUROOHG DQGGDWD DFTXLVLWLRQZDVGRQH XVLQJPDFKLQHGHGLFDWHG ,QVWURQ%OXHKLOO WHQVLOH WHVWLQJ
VRIWZDUH,QVWURQ+LJK:\FRPEH8.
(QJLQHHULQJVWUHVVFRQWURO UDWFKHWLQJ WHVWV KDYHEHHQGRQHXQGHUD IL[HGVWUHVVFRPELQDWLRQRI
03D 7KLV VWUHVV FRPELQDWLRQ FRUUHVSRQGV WR DQ DSSOLHG VWUHVV UDWLR 5 RI   7HVWV KDYH EHHQ GRQH XVLQJ
WULDQJXODUORDGZDYHIRUPDWDVWUHVVUDWHRI03DVHF LQWKHVDPHPDFKLQHWKDWKDVEHHQXVHGIRUWHQVLOHWHVW
6LQFHWKHVWUHVVSDUDPHWHUVDQGVWUHVVUDWHZHUHNHSWIL[HGIRUDOOWKHWHVWVWKHIUHTXHQF\RIVWUHVVF\FOLQJZDVDOVR
DXWRPDWLFDOO\IL[HGDW+]LQDOOFDVHV,QDOOWKHWHVWVWKHDSSOLFDWLRQRIF\FOLFORDGRYHUPHDQVWUHVVZDVGRQH
DIWHU DWWDLQLQJ WKH PHDQ VWUHVV 7HVWV ZHUH FRQWUROOHG DQG GDWD DFTXLVLWLRQ ZDV DFFRPSOLVKHG ZLWK WKH KHOS RI
PDFKLQH GHGLFDWHG JHQHUDOSXUSRVH :DYH0DWUL[ IDWLJXH WHVWLQJ VRIWZDUH ,QVWURQ +LJK :\FRPEH 8. $Q
H[WHQVRPHWHURIIXOOUDQJHFDSDFLW\RIWR SFWZDVSURSHUO\NHSWDWWDFKHGWRWKHVSHFLPHQJDXJHVHFWLRQZLWK
WKH KHOSRI2ULQJ IRU F\FOHE\F\FOHPRQLWRULQJRI WKH VSHFLPHQ VWUDLQVGXULQJ DV\PPHWULF VWUHVV F\FOLQJ7HVWV
ZHUHVWRSSHGDIWHUDQGQRPLQDOVSHFLPHQVWUDLQLQWKHWHQVLOHGLUHFWLRQ1RWHVWZDVGRQHIRU
FRPSOHWH IDLOXUH LQ RUGHU WR DYRLG EXFNOLQJ RI WKH VSHFLPHQV LQ WKH FRPSUHVVLYH SDUW RI WKH ORDG F\FOH GXH WR
XQFRQWUROOHG LQFUHDVH LQ WUXH VWUHVV ZKLFK RFFXUV DV D UHVXOW RI VSHFLPHQ HORQJDWLRQ GXULQJ DV\PPHWULF F\FOLF
ORDGLQJ7KHVSHFLPHQVZHUHXQORDGHGDIWHUDFFXPXODWLRQRISUHVHOHFWHGDPRXQWRIUDWFKHWLQJGHIRUPDWLRQDQGWKHQ
PRQRWRQLFDOO\GHIRUPHGWRIUDFWXUHXQGHUWHQVLOHORDGLQJDWDVWUDLQUDWHRIVHF LQRUGHUWRDVVHVVWKHGDPDJH
RFFXUULQJGXHWRSULRU UDWFKHWLQJRIGLIIHUHQWDPRXQWVWKURXJKNQRZOHGJHDERXWUHVLGXDOWHQVLOHGXFWLOLW\
)UDFWXUH VXUIDFHV RI WKH VSHFLPHQV IDLOHG XQGHU WHQVLOH ORDGLQJ EHIRUH DQG DIWHU UDWFKHWLQJ GHIRUPDWLRQ RI
GLIIHUHQW DPRXQWV ZHUH H[DPLQHG XQGHU VFDQQLQJ HOHFWURQPLFURVFRSH 0DNH -(2/0RGHO -(2/  XQGHU
VHFRQGDU\HOHFWURQLPDJLQJPRGHDWDQRSHUDWLQJYROWDJHRIN9
 5HVXOWVDQGGLVFXVVLRQ
 0LFURVWUXFWXUHDQGWHQVLOHSURSHUWLHV
2SWLFDOPLFURVFRS\UHYHDOHGWKDWPLFURVWUXFWXUHRIWKHVWHHOFRQVLVWVRIHTXLD[HGIHUULWH JUDLQVRIYDU\LQJJUDLQ
VL]H 7KH DYHUDJH WZRGLPHQVLRQDO IHUULWH JUDLQ VL]H LV IRXQG DV $6707KLV FRUUHVSRQGV WR DQ DYHUDJH JUDLQ
GLDPHWHU RI P+DUGQHVVRI WKH VWHHOPHDVXUHGZLWKNJIODRG LQ/HLFD90+7PLFURKDUGQHVV WHVWHU LV 
9317HQVLOHSURSHUWLHVRIWKHLQYHVWLJDWHGVWHHODUHIRXQGDV<LHOGVWUHQJWK03D7HQVLOHVWUHQJWK
03D 8QLIRUP VWUDLQ  DQG 7RWDO VWUDLQ  6WUDLQ KDUGHQLQJ H[SRQHQW Q    DQG 6WUHQJWK
FRHIILFLHQW03D
 5DWFKHWLQJEHKDYLRXU
%HFDXVHRIWKHSUHVHQFHRIPHDQVWUHVVWKHVWUHVVVWUDLQK\VWHUHVLVORRSVGXULQJDV\PPHWULFVWUHVVF\FOLQJLVQRQ
FORVH LQ QDWXUH DQG LQ WKH VWUHVV VSDFH WKH \LHOG VXUIDFH LV JUDGXDOO\ VKLIWHG LQ WKH GLUHFWLRQ RIPHDQ VWUHVVZLWK
SURJUHVVLRQRI F\FOLF ORDGLQJ 7KLV FDXVHV FUHHSLQJRI WKHK\VWHUHVLV ORRSV LQ WKHGLUHFWLRQRIPHDQ VWUHVV DQG LQ
HYHU\ F\FOH LQHODVWLF VWUDLQ DFFXPXODWLRQ RFFXUV LQ WKH VSHFLPHQV7KH WUXH UDWFKHWLQJ VWUDLQ İU LQ HDFK F\FOH LV
FRPSXWHGDFFRUGLQJWKHIROORZLQJUHODWLRQVKLS
> @PLQPD[
 HHH  U 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ZKHUH İPD[ DQG İPLQ UHSUHVHQW PD[LPXP DQG PLQLPXP D[LDO WUXH VWUDLQ YDOXHV REWDLQHG DIWHU FRQYHUWLQJ WKH
QRPLQDOVWUDLQDVPHDVXUHGE\WKHH[WHQVRPHWHULQHDFKF\FOHLQWKHWHQVLOHDQGFRPSUHVVLYHGLUHFWLRQVUHVSHFWLYHO\
7KH VDPH SKHQRPHQRQ DV DERYH LV DOVR REVHUYHG GXULQJ FUHHSIDWLJXH LQWHUDFWLRQ ,Q FDVH RI FUHHSIDWLJXH
LQWHUDFWLRQERWKFUHHSDFFXPXODWLRQGXULQJ WKHKROGSHULRGDWSHDN ORDGDQG WKHF\FOLFFUHHSDFFXPXODWLRQGXULQJ
WKHORDGLQJDQGXQORDGLQJSHULRGVUHVXOWLQWKH VKLIWLQJRIK\VWHUHVLVORRSVLQWKHGLUHFWLRQRIPHDQVWUHVVDQGWKXV
FDXVLQJH[KDXVWLRQRIPDWHULDOGXFWLOLW\ )DQHWDO,QWKHSUHVHQWLQYHVWLJDWLRQWKHLPSRVHGPHDQVWUHVVEHLQJ
WHQVLOH LQ QDWXUH WKH DV\PPHWULF VWUHVV F\FOLQJ OHDGV WR VSHFLPHQ HORQJDWLRQ 2Q WKH RWKHU KDQG LQ SUHVHQFH RI
FRPSUHVVLYHPHDQVWUHVVK\VWHUHVLVORRSVDUHVKLIWHGLQWKHOHIWGLUHFWLRQDQGVKRUWHQLQJRIVSHFLPHQJDXJHOHQJWK
ZRXOGRFFXU
)LJ5DWFKHWLQJVWUDLQDFFXPXODWLRQSDWWHUQZLWKSURJUHVVLRQRIVWUHVVF\FOLQJ
7KHH[SHULPHQWDOUDWFKHWLQJFXUYHRIWKHLQYHVWLJDWHG 7L,)VWHHOLVVKRZQLQ)LJ7KLVFXUYHLVWKHGHVFULSWLRQ
RIWUXHUDWFKHWLQJVWUDLQİUDFFXPXODWLRQSDWWHUQLQWKHVSHFLPHQDVDIXQFWLRQRIWKHQXPEHURIF\FOH1XQGHUWKH
LQIOXHQFHRI DV\PPHWULFF\FOLFORDGLQJDW03D,WLVREVHUYHGWKDWWKHDPELHQWWHPSHUDWXUHUDWFKHWLQJ
FXUYHLVH[DFWO\VLPLODUDVWKDWIRXQGLQFDVHRIFRQYHQWLRQDOFUHHSORDGLQJ+HQFHUDWFKHWLQJSKHQRPHQRQLVDOVR
NQRZQDVF\FOLFFUHHS$VLQFUHHSWKH UDWFKHWLQJVWUDLQDFFXPXODWLRQLVDOVRIRXQGKHUHWRRFFXULQGLIIHUHQWVWDJHV
%XWDOOWKHGHIRUPDWLRQVWDJHVDUHDSSDUHQWRQO\IRUWKHFRQGLWLRQRIPD[LPXPUDWFKHWLQJVWUDLQDFFXPXODWLRQ
$VDOUHDG\PHQWLRQHGLQWKHSUHVHQWLQYHVWLJDWLRQWKHWHVWVZHUHVWRSSHGDIWHUGLIIHUHQWDPRXQWVWR
RIQRPLQDOVSHFLPHQVWUDLQLQWKHSRVLWLYHSDUWRIWKHORDGLQJF\FOH7KLVLQIDFWFRUUHVSRQGVWRGLIIHUHQWDPRXQWV
RI UDWFKHWLQJ VWUDLQ DFFXPXODWLRQ LQ WKH VSHFLPHQV WKH PD[LPXP EHLQJ  SFW ,W LV ZRUWK QRWLQJ WKDW HYHQ
WKRXJK WKH XQLIRUP WHQVLOH HORQJDWLRQ RI WKH VWHHO DW D VWUDLQ UDWH RI  VHF LV  ܭX    WKH
DFFXPXODWLRQ RI  WUXH UDWFKHWLQJ VWUDLQ LQ WKH VSHFLPHQ PD[LPXP LQ WKH SUHVHQW LQYHVWLJDWLRQ GXH WR
DV\PPHWULFF\FOLF ORDGLQJRFFXUUHGZLWKRXWVKRZLQJDQ\VLJQRIWHQVLOHLQVWDELOLW\LHZLWKRXWQHFNIRUPDWLRQLQ
WKHVSHFLPHQ$OWKRXJKIURPPDFURVFRSLFSRLQWRIYLHZWKHVSHFLPHQHORQJDWLRQGXHWRWHQVLOHORDGLQJDQGWKDWGXH
WRDFFXPXODWLRQRI LQHODVWLF VWUDLQ LQ WKH FRXUVHRIDV\PPHWULF F\FOLF ORDGLQJ LQSUHVHQFHRISRVLWLYHPHDQVWUHVV
DSSHDUVDPH LW LVREVHUYHG WKDW WKHPDWHULDOFDQEHXQLIRUPO\GHIRUPHG WRD ODUJHH[WHQWE\VLPSO\FKDQJLQJ WKH
ORDGLQJPRGHIURPWHQVLOHWRDV\PPHWULFF\FOLFORDGLQJ,WLVNQRZQWKDWQXFOHDWLRQRIPLFURYRLGVYRLGJURZWKDQG
YRLG FRDOHVFHQFH OLPLW WKH WHQVLOH GXFWLOLW\ RI PDWHULDOV 3UHVHQW UHVXOW VKRZLQJ WKH SRVVLELOLW\ RI DFFXPXODWLQJ
KLJKHUDPRXQWRIXQLIRUPUDWFKHWLQJVWUDLQDVFRPSDUHGWRXQLIRUPVWUDLQREWDLQHGE\WHQVLOHORDGLQJLQZDY\VOLS
PDWHULDO LQGLFDWHV WKDW DOWKRXJK ERWK UDWFKHWLQJ GHIRUPDWLRQ LQ SUHVHQFH RI SRVLWLYH PHDQ VWUHVV DQG WHQVLOH
GHIRUPDWLRQ RFFXU LQ WKH VDPH GLUHFWLRQ WKH QXFOHDWLRQ RIPLFURYRLGV DQG WKHLU JURZWK DV D QDWXUDO UHFRXUVH RI
VSHFLPHQ HORQJDWLRQ RI D GXFWLOHPDWHULDO DUH GHOD\HG SRVVLEO\ GXH WR WKH SUHVHQFH RI FRPSUHVVLYH VWUHVV GXULQJ
DV\PPHWULF VWUHVV F\FOLQJ 6LPLODU UHVXOWV KDYH DOVR EHHQ UHSRUWHG LQ OLWHUDWXUH IRU /1 VWHHO 6$*DGH 
&0QVWHHO 3DXOHWDOE
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 3RVWUDWFKHWLQJWHQVLOHSURSHUWLHV
)ROORZLQJDV\PPHWULFF\FOLFORDGLQJZLWKDFFXPXODWLRQRIGLIIHUHQWDPRXQWVRIWUXHUDWFKHWLQJVWUDLQ(TXQ
PD[LPXP DQG PLQLPXP EHLQJ  DQG  SFW UHVSHFWLYHO\ WKH VSHFLPHQV ZHUH IUDFWXUHG XQGHU WHQVLOH
ORDGLQJ6LQFHUDWFKHWLQJVWUDLQDFFXPXODWLRQRIGLIIHUHQWDPRXQWVRFFXUUHGLQGLIIHUHQWVSHFLPHQVXQGHUIL[HGVWUHVV
FRPELQDWLRQ WKHYDULDWLRQREVHUYHGLQSRVWUDWFKHWLQJWHQVLOHSURSHUWLHVLVDWWULEXWHGWRSULRUUDWFKHWLQJGDPDJHRI
YDULRXVDPRXQWV)LJXUH VKRZVWKHHQJLQHHULQJVWUHVVVWUDLQFXUYHVRIVSHFLPHQVZLWKDQGZLWKRXWSULRUUDWFKHWLQJ
GHIRUPDWLRQ7KHFRUUHVSRQGLQJSRVWUDWFKHWLQJWHQVLOHSURSHUWLHVDUHVKRZQLQ7DEOH,WLVREVHUYHGWKDWERWK\LHOG
VWUHQJWK DQG WHQVLOH VWUHQJWK OLQHDUO\ LQFUHDVH ZLWK WKH DPRXQW RI SULRU UDWFKHWLQJ VWUDLQ 5!  )LJ 7KH
H[WUDSRODWHG WHQVLOHVWUHQJWK 03DDW]HURUDWFKHWLQJVWUDLQDJUHHVH[WUHPHO\ZHOOZLWK WKH WHQVLOHVWUHQJWK
GDWDRIWKHDVUHFHLYHGVWHHO 03D
7DEOH3RVWUDWFKHWLQJWHQVLOHSURSHUWLHV
6SHFLPHQ&RGH 1RPLQDO
8QORDGLQJ
6WUDLQ
7UXH5DWFKHWLQJ
6WUDLQ
<LHOG6WUHQJWK
03D
87603D 8QLIRUP6WUDLQ

7RWDO6WUDLQ

      
      
      
      
      
      
      
)LJ(QJLQHHULQJVWUHVVVWUDLQFXUYHVRIWKHLQYHVWLJDWHG7L,)VWHHOZLWKDQGZLWKRXWSULRUUDWFKHWLQJGHIRUPDWLRQ
,WLVZHOONQRZQWKDWUDWFKHWLQJRFFXUVWKURXJKIRUPDWLRQRIGLVORFDWLRQFHOOVWUXFWXUHGLVVROXWLRQRIGLVORFDWLRQ
VWUXFWXUH DQG IRUPDWLRQ RI QHZ FHOO VWUXFWXUH &KDQGOHU DQG%HH  )HOWQHU *DXGLQ DQG)HDXJDV 
.DQJHWDO/RUHQ]RDQG /DLUGDE'XWWDDQG5D\ 'XWWD DQG 5D\ REVHUYHGGLVORFDWLRQFHOO
VWUXFWXUHIRUPDWLRQGXULQJDV\PPHWULFF\FOLFORDGLQJRI,)VWHHODW03D'XULQJWHQVLOHGHIRUPDWLRQ
DOVRVWDEOHGLVORFDWLRQFHOOVWUXFWXUHLVIRUPHGLQLQWHUVWLWLDOIUHHVWHHODERYHaSFWGHIRUPDWLRQ $QWRLQH HWDO 
7KHUHIRUHWKHYHU\JRRGFRUUHODWLRQEHWZHHQH[WUDSRODWHGWHQVLOHVWUHQJWKDW]HURUDWFKHWLQJVWUDLQZLWKWKHWHQVLOH
VWUHQJWK GDWD RI WKH DVUHFHLYHG VWHHO LV DWWULEXWHG WR WKH GHYHORSPHQW RI VDPH GLVORFDWLRQ FRQILJXUDWLRQ FHOO
VWUXFWXUH ERWK DIWHU UDWFKHWLQJGHIRUPDWLRQRI YDULRXV DPRXQWV DQG DIWHU VLPSOH WHQVLOH ORDGLQJ DW WKHSHDN ORDG
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OHYHORI WKHDVUHFHLYHGVWHHO+RZHYHUDOWKRXJKZLWK LQFUHDVHRISULRU UDWFKHWLQJGHIRUPDWLRQ\LHOGVWUHQJWKDOVR
OLQHDUO\LQFUHDVHVVLPLODUJRRGFRUUHVSRQGHQFHEHWZHHQH[WUDSRODWHG\LHOGVWUHQJWKDW]HURUDWFKHWLQJGHIRUPDWLRQ
LH\LHOGVWUHQJWKZLWKRXWDQ\SULRUUDWFKHWLQJDQGH[SHULPHQWDOO\REWDLQHGWHQVLOH\LHOGVWUHQJWKRIWKHDVUHFHLYHG
LQWHUVWLWLDOIUHHVWHHOLVQRWREVHUYHG7KHH[WUDSRODWHG\LHOGVWUHQJWKDW]HURUDWFKHWLQJGHIRUPDWLRQLVIRXQGKLJKHU
WKDQ WKDW RI WKH DVUHFHLYHG VWHHO  03DE\03D:KLOHGLVORFDWLRQ FHOO VWUXFWXUHZLWK KHWHURJHQHRXV
GLVWULEXWLRQRIGLVORFDWLRQVLVSUHYDOHQWGXHWRUDWFKHWLQJLUUHJXODUVWUXFWXUHZLWKXQLIRUPGLVORFDWLRQGHQVLW\PRUH
SUHFLVHO\ WKH GLVORFDWLRQ WDQJOHV IRUPV IURP VWUDLJKWOLQH GLVORFDWLRQV DW VPDOO SODVWLF VWUDLQ SURGXFHG HLWKHU E\
UROOLQJRU WHQVLOH GHIRUPDWLRQRI LQWHUVWLWLDO IUHH VWHHO $QWRLQH HW DO &KHQ DQG'XJJDQ+HQFH LW LV
TXLWH ORJLFDO WR H[SHFW WKDW GXH WR WKH GLIIHUHQFH LQ GLVORFDWLRQ VWUXFWXUH D VWUDLJKWIRUZDUG H[WUDSRODWLRQ RI \LHOG
VWUHQJWK GDWD RI VSHFLPHQV ZLWK GLIIHUHQW DPRXQWV RI DFFXPXODWHG UDWFKHWLQJ VWUDLQ ZRXOG QRW \LHOG JRRG
FRUUHVSRQGHQFHZLWKWHQVLOH\LHOGVWUHQJWKRIWKHDVUHFHLYHGVWHHO
)LJ9DULDWLRQRISRVWUDWFKHWLQJWHQVLOHSURSHUWLHVZLWKWUXHUDWFKHWLQJVWUDLQ
5HJDUGLQJ WHQVLOH GXFWLOLW\ )LJ LW LV REVHUYHG WKDW SRVWUDWFKHWLQJ WHQVLOH GXFWLOLW\ WRWDO OLQHDUO\ GHFUHDVHV
5!ZLWKLQFUHDVHLQWKHDPRXQWRISULRUUDWFKHWLQJVWUDLQ7KHH[WUDSRODWHGWRWDOHORQJDWLRQDW]HURUDWFKHWLQJ
VWUDLQDWİU  VKRZVYHU\JRRGFRUUHVSRQGHQFHZLWKWKHWHQVLOHHORQJDWLRQWRWDORIWKHDVUHFHLYHG
VWHHO  7KLV OLQHDU UHODWLRQVKLS SUHGLFWV WKDW FRPSOHWH IDLOXUH RI WKH VSHFLPHQ XQGHU DV\PPHWULF F\FOLF
ORDGLQJDW03DZRXOGRFFXURQDFFXPXODWLRQRISFWUDWFKHWLQJVWUDLQZKLFKLVaSFWPRUH
WKDQWKDWKDVEHHQH[SHULPHQWDOO\REVHUYHGLQFDVHRIWHQVLOHGHIRUPDWLRQ7DEOH7KLVDPRXQWRIUDWFKHWLQJVWUDLQ
WRFRPSOHWHIDLOXUHLQFOXGHVXQLIRUPUDWFKHWLQJGHIRUPDWLRQDQGDOVRORFDOLVHGGHIRUPDWLRQ/RRNLQJDWWKHYDULDWLRQ
RI SRVWUDWFKHWLQJ XQLIRUP WHQVLOH GXFWLOLW\ ZLWK WKH DPRXQW RI SULRU UDWFKHWLQJ GHIRUPDWLRQ LW LV REVHUYHG WKDW
XQLIRUPGXFWLOLW\WKRXJKGHFUHDVHVZLWKLQFUHDVHRISULRUUDWFKHWLQJVWUDLQDELOLQHDUWUHQGLQWKLV YDULDWLRQLVSUHVHQW
8SWRSFWFXPXODWLYHUDWFKHWLQJVWUDLQWKHORVVLQXQLIRUPHORQJDWLRQLVFRPSDUDWLYHO\UDSLGDQGLWGHFUHDVHV
VORZO\ZLWKIXUWKHULQFUHDVHRIUDWFKHWLQJVWUDLQ,WLVIRXQGWKDWWKLVWUDQVLWLRQSRLQWVWUDLQFRLQFLGHVZLWKWKH RQVHW
RIVHFRQGVWDJH RIUDWFKHWLQJGHIRUPDWLRQ)LJ
/LQHDU ILWWLQJ RI DOO SRVWUDWFKHWLQJ XQLIRUP WHQVLOH GXFWLOLW\ GDWD SRLQWV UHVXOWV LQPDUJLQDOO\ SRRU FRUUHODWLRQ
5!  EHFDXVH RI ELOLQHDU WUHQG LQ WKH YDULDWLRQ RI XQLIRUP HORQJDWLRQZLWK SULRU UDWFKHWLQJ VWUDLQ )RUZDUG
H[WUDSRODWLRQ RI WKLV OLQHDU UHODWLRQVKLS SUHGLFWV WKDW RQVHW RI QHFNLQJ RI VSHFLPHQ GXH WR UDWFKHWLQJ DW  
 03D ZRXOG RFFXU RQ DFFXPXODWLRQ RI  SFW WUXH UDWFKHWLQJ VWUDLQ ,Q RWKHU ZRUGV EHIRUH WKH QHFN
IRUPDWLRQWKHHORQJDWLRQRIWKHVSHFLPHQJDXJHOHQJWKGXHWRDV\PPHWULFF\FOLFORDGLQJUDWFKHWLQJLVSUHGLFWHGWR
EHSFW ܭ   OQH)URPWKLVSUHGLFWHGYDOXH LWDSSHDUV WKDWRQDV\PPHWULFF\FOLF ORDGLQJ LQ WKHHODVWLF
SODVWLFUHJLPHPRUHWKDQ SFWKLJKHUVWUDLQLVDFFRPPRGDWHGXQLIRUPO\DOOWKURXJKWKHVSHFLPHQJDXJHOHQJWKLQ
FRPSDULVRQ WR WKDW REWDLQHG E\ PRQRWRQLF WHQVLOH GHIRUPDWLRQ 7DEOH  ,Q FDVH RI  /1 VWHHO DQG
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6$*UDGH  &0Q VWHHO PXFK KLJKHU XQLIRUP UDWFKHWLQJ GHIRUPDWLRQ DV FRPSDUHG WR RUGLQDU\ WHQVLOH
GHIRUPDWLRQ KDV DOVR EHHQ REVHUYHG 3DXO HW DO 3DXO HW DO D 2QFH QHFN IRUPV YRLG JURZWK DQG WKHLU
FRDOHVFHQFHFRQWUROWKHILQDOIDLOXUHEHKDYLRXURIWKHVSHFLPHQ)URPWKHODUJHGLIIHUHQFHLQWKHSUHGLFWHGYDOXHVIRU
XQLIRUPUDWFKHWLQJGHIRUPDWLRQDQGWRWDOUDWFKHWLQJVWUDLQWRFRPSOHWHIDLOXUHRIWKHVSHFLPHQ 
LQFRPSDULVRQWRWKDWREVHUYHGLQFDVHRIPRQRWRQLFORDGLQJ7DEOHLWLVLQIHUUHGWKDWWKHJURZWKRIWKHYRLGVDQG
WKHLUHYHQWXDOOLQNDJHLVUHWDUGHGGXHWRWKHSUHVHQFHRIFRPSUHVVLYHVWUHVVLQHYHU\F\FOH&RQVLGHUDEOHHORQJDWLRQ
EH\RQGQHFNLQJGXULQJSRVWUDWFKHWLQJWHQVLOHWHVWVRI,)VWHHOKDVEHHQREVHUYHGE\'XWWDDQG5D\ 'XWWD DQG 5D\
7KHVHLQYHVWLJDWRUVDWWULEXWHGWKLVPXFKKLJKHUDPRXQWRIORFDOLVHGHORQJDWLRQWRWKHQDWXUHRIWKHGLVORFDWLRQ
VXEFHOOVIRUPHGLQWKHPDWHULDOGXULQJSULRUDV\PPHWULFF\FOLFORDGLQJ
,WVKRXOGEHQRWHGKHUHWKDWLQFDVHRIWHQVLOHORDGLQJWKHWUXHVWUHVVFRUUHVSRQGLQJWRSHDNORDGLVPXFKKLJKHU
ıX   6XHX ZKHUH QHFNLQJ RFFXUV LQ FRPSDULVRQ WR WHQVLOH VWUHQJWK RI GXFWLOH PDWHULDO 6LQFH HQJLQHHULQJ
VWUHVVFRQWURO UDWFKHWLQJ WHVWV DUH SULPDULO\ ORDGFRQWURO WHVWV WUXH VWUHVV JRHV RQ LQFUHDVLQJ GXH WR VSHFLPHQ
HORQJDWLRQ GXULQJ UDWFKHWLQJ 2EVHUYLQJ PXFK KLJKHU XQLIRUP UDWFKHWLQJ GHIRUPDWLRQ DV FRPSDUHG WR RUGLQDU\
WHQVLOHGHIRUPDWLRQLQFDVHRI/1VWHHODQG6$*UDGH&0QVWHHO3DXOHWDO 3DXO HWDO E PDGHD
SRLQWWKDWWRVDWLVI\WKHUHTXLUHPHQWRIWUXHVWUHVVFRUUHVSRQGLQJ WRWKDWRIWHQVLOHVWUHQJWKODUJHXQLIRUPUDWFKHWLQJ
GHIRUPDWLRQRFFXUVSULRUWRQHFNLQJGXULQJHQJLQHHULQJVWUHVVFRQWUROUDWFKHWLQJWHVWV:HKDYHH[DPLQHGWKHYLHZV
RI3DXOHWDOZLWKWKHSUHGLFWHGXQLIRUPUDWFKHWLQJVWUDLQ ܭX   IRUWKHRQVHW RIQHFNLQJGXULQJDV\PPHWULF
F\FOLFORDGLQJZLWKDPD[LPXPVWUHVVRI03D03D6LQFHWKHQHFNIRUPDWLRQLVDVVRFLDWHG
ZLWKYRLGQXFOHDWLRQLW LV WKHPD[LPXPWHQVLOHVWUHVVRIWKHLPSRVHGDV\PPHWULFVWUHVVF\FOHZKLFKLVUHVSRQVLEOH
IRUQXFOHDWLRQRIYRLGV7KHLPSRVHGPD[LPXPVWUHVVRIWKHSUHVHQWDV\PPHWULFVWUHVVF\FOHEHLQJ03D
WKHHVWLPDWHGWUXHVWUHVVDWWKHHQGRISUHGLFWHGXQLIRUPUDWFKHWLQJGHIRUPDWLRQEHFRPHV03DVX  
VPD[HXSUHG7KLVSUHGLFWHGWUXHVWUHVVPDWFKHVH[WUHPHO\ZHOOZLWKWKHWUXHVWUHVVDWSHDNWHQVLOHORDGGXULQJ
PRQRWRQLFGHIRUPDWLRQıX VXHX 03D7DEOH
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,QJHQHUDOQRUHPDUNDEOHGLVWLQFWLRQEHWZHHQWKHIUDFWXUH
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PRUSKRORJ\RISRVWUDWFKHWLQJWHQVLOHVSHFLPHQVDQGWKDWRIDVUHFHLYHGVSHFLPHQZLWKRXWDQ\SULRUUDWFKHWLQJLV
REVHUYHG 7KLV LV EHFDXVH RI WKH IDFW WKDW GXULQJ UDWFKHWLQJ DOVR XQLGLUHFWLRQDO GHIRUPDWLRQ RFFXUV DV LQ FDVH RI
PRQRWRQLFORDGLQJ+RZHYHULWLVREVHUYHGWKDWIRUKLJKHUDPRXQWRISULRUUDWFKHWLQJGHIRUPDWLRQVRPHRIWKH YRLGV
JURZ ODUJHU LQ VL]H 7KLV FRXOG EH GXH WR ORFDO FRQFHQWUDWLRQ RI GDPDJH GXULQJ SULRU DV\PPHWULF VWUHVV F\FOLQJ
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
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7KH FORVH FRUUHVSRQGHQFH EHWZHHQ H[WUDSRODWHG WHQVLOH VWUHQJWK DW ]HUR UDWFKHWLQJ GHIRUPDWLRQ DQG WKH
DFWXDOWHQVLOHVWUHQJWKGDWDRIWKHLQYHVWLJDWHG7L,)VWHHO LVDWWULEXWHGWREHGXHWRWKHIRUPDWLRQRIVDPH
GLVORFDWLRQ FRQILJXUDWLRQ GXULQJ UDWFKHWLQJ DQG WKDW IRUPV DW SHDN ORDG GXULQJ PRQRWRQLF WHQVLOH
GHIRUPDWLRQ
LL 7KHPLVPDWFKEHWZHHQWKHH[WUDSRODWHG\LHOGVWUHQJWKDQGWKHDFWXDO\LHOGVWUHQJWKGDWDLVEHOLHYHGWREH
GXH WR WKH GLIIHUHQFHV LQ GLVORFDWLRQ VWUXFWXUH IRUPHG DIWHU UDWFKHWLQJ DQG WKDW REVHUYHG DW WKH OHYHO RI
WHQVLOH\LHOGVWUHQJWK
LLL 7RWDOHORQJDWLRQOLQHDUO\GHFUHDVHVZLWKLQFUHDVHRIUDWFKHWLQJGHIRUPDWLRQ$ELOLQHDUWUHQGLQWKHGHFUHDVH
RIXQLIRUPVWUDLQZLWKLQFUHDVHRIUDWFKHWLQJGHIRUPDWLRQLVREVHUYHG
LY 5HVLGXDOSRVWUDWFKHWLQJXQLIRUPWHQVLOHGXFWLOLW\FRXOGEHXVHGDVDVXLWDEOHLQGLFDWRUIRUDVVHVVPHQWRI
GDPDJHGXHWRUDWFKHWLQJ
Y 7KHDVSUHGLFWHGKLJKHUDPRXQWRIXQLIRUPUDWFKHWLQJGHIRUPDWLRQDQGWRWDOUDWFKHWLQJVWUDLQIRU FRPSOHWH
IDLOXUHDVFRPSDUHGWRWKDWREVHUYHGLQFDVHRIRUGLQDU\WHQVLOHGHIRUPDWLRQFRXOGEHGXHWRWKHHIIHFWRI
FRPSUHVVLYHORDGLQJLQUHWDUGLQJWKHYRLGQXFOHDWLRQDQGJURZWK
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